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The three bars AB, BC, and CD are each pinned at their ends as shown. Bar AB 

has length 2 meters; bar BC has length 4 meters, and bar CD has length 3 meters. 

Bar AB has an angular velocity of Dap = + 4 571, and an angular acceleration of Gage... - 
= -3 s” 

(a) Find the magnitude of acceleration, bel, of point B. 

(b) Find the angular velocity, omc, of bar BC. 

(c) Find the horizontal component of acceleration of point C. 
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Block B and Block C are on a hill sloped at 20 degrees as shown in the diagram. The blocks are 
linked by a rope in tension that passes around a pulley. The pulley has zero mass, and the center 
of the pulley is attached to a wall. There is friction between the two blocks, and between the 


ground and block B; the coefficients of friction between all flat surfaces are 44, = 0.3 and 
عبت‎ 0.2. The mass of block C is 10 kg, and the mass of block B is 8 kg. [দল 


A force P = 50 í Newtons is applied to block C as shown. Block © has a velocity of 8 í m/s at the 
instant shown in the diagram. 


Draw separate free-body diagrams of block B and block C, showing clearly the direction in which 


12 
each of the forces acts. What is the acceleration of block C at the instant shown in the diagram? 
(Make sure your work is clearly laid out, neat, and easy to understand) 
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2. — A particle P is travelling in a spiral path as shown. At the instant shown in the diagram, the Y:0. rey 
particle's speed is increasing at a constant rate of 2 m/s”, and its distance from the origin “O” is 
increasing at a constant rate of 4 m/s. At the instant shown in the diagram, the particle's position 0 5 r -rò 2 
is {x,y} = (14,0) meters, and its speed is 7 m/s. E 
LS ? 
= -rọ 
وه‎ 
1 : š — , 9 D^ 
Determine — for the particle P at the instant shown in the diagram, where Pis the angular رر‎ Aue + rede 


position of P measured with respect to the x-axis in polar coordinates. 
Also determine the x-component of the particle's acceleration a, at the instant shown in the 


diagram. ملا‎ Je ۵ 


33: o > ۵ - E = 04] بی‎ 
(140) meters ES 50 TS 


3: At the instant shown in the attached diagram, the bar AB is rotating in the positive direction 
with an angular velocity of wap = 42.5 radians/s. 


(a) At the instant shown in the diagram, what is the velocity of point B? Use the co-ordinate 
system provided to express your answer. 


เข (b) Using your answer from part (a), find both the velocity of point D and the angular velocity of 
bar BD at the instant shown in the diagram. Use the co-ordinate system provided to express 


your answers. 

(c) Using your answers from part (a) and (b), find the acceleration of point B at the instant shown 
in the diagram if the speed of B is also increasing by 8m/s*. Use the co-ordinate system 
provided to express your answer. (5 marks) 
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4. A slender rod of mass m = 1.3 kg and length Z = 2.0 m is falling straight down from Position 1, as 
shown in the diagram (dotted lines). A rope with negligible mass is attached to the fixed point at A 
on the ceiling, and tied to the end of the rod at B. The rope is initially not in tension. The rope is 
suddenly in tension when the rod reaches Position 2, and the rope is hanging straight down. The 
rope stays in tension afterwards, but is allowed to swing. 


2 | (a) Draw the free body diagram of the rod immediately after the rope is in tension. 


8 (b) If و2‎ = -3 m/s just before the rope is in tension, what is the rod’s angular velocity, w, 
immediately after the rope is in tension? 


6 | (c) If Č; = -2.5 m/s immediately after the rope is in tension, what is the rod’s total kinetic energy 
at that moment? 


4 (d) If the rod is initially at rest in Position (1), and A = 1.5 m and the rope has a length of 2m, what 
is velocity of point C, bc, just before it reaches Position (2)? 
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rope in tension 
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5) 5. The wheel C has a mass = 200 kg, and the bar AB has a mass = 100 kg, One end of the bar AB is 
connected by a pin to the center of the wheel. The other end of the bar is leaning against a vertical 
wall and can slide on the wall without friction. Bar AB is 10 meters long, and the radius of wheel 
Cis 1 m. The spring stiffness k= 200 N/m. One end of the spring is attached to the ceiling, and 
the other end is attached to a rope that is wound around a pulley and then wound around wheel C 
as shown in the diagram. The relaxed length of the spring is 2m. Coefficients of friction between 
the wheel and ground are z, = 0.4, and us = 0.3. The system is initially at rest as shown in the 


diagram, with the spring length equal to 3m. 


2 | a) Draw a free body diagram of bar AB and a separate diagram for wheel C at the instant shown 
in the diagram. 


6 | b) The system is then released from rest at the position shown in the diagram. Find 9if both the 
bar AB and the wheel C remain stationary after the system is released. 


12 | ๆ 1£9=30", find مره‎ and ac after the system is released from rest. 
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6. The mass moves only in the vertical direction. Ignore any rotation of the mass. Assume that the 
rope wound around the pulley remains in tension at all times. At time #0, the mass is lifted a 
small distance from its equilibrium position, and then released. 


m=15kg kı = 100 N/m با‎ 735 N/m لا هحم‎ 


m/s 
ھا‎ (a) Find the period z; for damped, unforced vibrations of this system. 
(b) How long will it take for the vibration amplitude to diminish to 3% of its initial value? 
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7. A uniform thin rod AB of mass 10 kg and length 4.4 meters is pinned at point C. The rod is in 
equilibrium in the horizontal position as shown. Spring k; = 120 N/m, and k; = 180 N/m. 


ES (a) Determine the natural frequency of vibration @, for very low-amplitude oscillations. 


(b) A moment M = 4 sin(w,t) Newton-meters is then applied to make the rod oscillate with a 
[s] very small amplitude about point C. Determine the steady-state vertical amplitude of 


oscillation of point B, if ৫9১ = 5 37. 
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